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(54) ROTARY COMPRESSOR

(57) In a rotary compressor (1), a parent material of
a vane is a steel material containing chromium, a single
coating layer of chromium as a first layer, an intermediate
coating layer having a concentration gradient of chromi-
um and carbon as a second layer, and a diamond-like
carbon coating layer as a third layer are formed on a
sliding surface with respect to a annular piston, in order
starting from the surface of the parent material, and the
intermediate coating layer has a chromium concentration
higher than a carbon concentration on the first layer side
and has the carbon concentration higher than the chro-
mium concentration on the third layer side.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a rotary com-
pressor used in an air conditioner or a refrigerating ma-
chine.

2. Description of Related Art

[0002] For example, Japanese Patent No. 5543973
(Patent Document 1) discloses a refrigerant compressor
that includes a compressing unit that compresses a re-
frigerant and is used in a refrigeration cycle; a vane that
is slidably provided in the compressing unit and is formed
of a metal material as base material; a coating film formed
by sequentially stacking first to fourth layers on the sur-
face of the base material; a roller that is rotatably provided
in the compressing unit and with which a tip end of the
vane is in sliding contact; and a cylinder that is provided
in the compressing unit and accommodates the vane and
the roller. In the refrigerant compressor, the first layer is
formed of a chromium single layer, the second layer is
formed of an alloy layer of chromium and tungsten car-
bide, the third layer is formed of an amorphous carbon
layer containing metal containing at least one of tungsten
and tungsten carbide, and the fourth layer is formed of
an amorphous carbon layer (diamond-like carbon layer)
not containing metal and containing carbon and hydro-
gen, and in the second layer, a content rate of chromium
is higher on the first layer side than on the third layer side,
and the content rate of tungsten carbide is higher on the
third layer side than on the first layer side.
[0003] In addition, Japanese Laid-open Patent Publi-
cation No. 10-82390 (Patent Document 2) discloses a
sliding member that includes a sliding member main body
(vane) having a sliding surface; an intermediate layer pro-
vided on the sliding surface; a hard carbon coating film
(diamond-like carbon coating film) provided on the inter-
mediate layer; and a mixed layer that is formed of the
components of the intermediate layer and carbon and is
formed in a region inside the intermediate layer in the
vicinity of the surface of the intermediate layer. In the
sliding member, the mixed layer has a carbon concen-
tration gradient such that the carbon concentration of a
part close to the surface of the mixed layer is higher than
that of a part separated from the surface.
[0004] However, since the vane disclosed in Patent
Document 1 includes the alloy layer (second layer) and
the diamond-like carbon layer (third layer) containing
metal as the intermediate layers, between the chromium
single layer (first layer) of the surface of the base material
and the diamond-like carbon layer (fourth layer) as the
sliding surface, the intermediate layers become thick,
and thus the hardness difference is generated between
the layers. Therefore, there is a problem in that internal

residual stress is increased and the diamond-like carbon
layer (fourth layer) as the sliding surface is easily peeled
off.
[0005] In addition, the tungsten contained in the sec-
ond and third layers is easily oxidized by acidic substanc-
es. After the oxidation, there is a problem in that the tung-
sten is reduced by alkaline substances so as to be easily
peeled off (in the refrigerant compressor, acidic sub-
stances are present due to the deterioration of refriger-
ating machine oil (lubricant oil) and alkaline substances
are also present due to the residue of a cleaning agent
for components). Furthermore, since the number of the
coating layers is as large as four, an increase in costs
due to the increase in time for the film formation is also
a concern.
[0006] The vane disclosed in Patent Document 2 has
a problem of the adhesion (bonding properties) between
the vane main body and the mixed layer as the first layer.
If the vane repeatedly receives compressive stress, there
is a problem in that peeling off or cracks may occur be-
tween the vane main body and the mixed layer as the
first layer. In addition, in a case where tungsten, which
is the constituent element of the base material of the vane
is contained in the mixed layer, peeling off occurs more
easily.

SUMMARY OF THE INVENTION

[0007] An object of the invention is to obtain a rotary
compressor in which a coating layer of a tip end portion
of a vane of the rotary compressor is prevented from
being peeled off, and an increase in costs is suppressed.
[0008] An aspect of the invention is directed to a rotary
compressor including a sealed vertical compressor hous-
ing in which a refrigerant discharging unit is provided at
an upper part and a refrigerant intake unit is provided at
a lower part side surface; a compressing unit which is
disposed on the lower part of the compressor housing,
includes an annular cylinder, an end plate having a bear-
ing unit and a discharge valve unit and blocking end por-
tions of the cylinder, an annular piston that engages with
an eccentric portion of a rotation axis supported by the
bearing unit, revolves along a cylinder inner wall of the
cylinder in the cylinder, and forms a cylinder chamber
between the cylinder inner wall and the annular piston,
and a vane that protrudes away from a vane groove pro-
vided in the cylinder into the inside of the cylinder cham-
ber and is in contact with the annular piston so as to
divide the cylinder chamber into an inlet chamber and a
compression chamber, sucks a refrigerant through the
intake unit, and discharges the refrigerant from the dis-
charging unit through the compressor housing; and a mo-
tor that is disposed on the upper part of the compressor
housing, and drives the compressing unit via the rotation
axis, in which a parent material of the vane is a steel
material containing chromium, a single coating layer of
chromium as a first layer, an intermediate coating layer
having a concentration gradient of chromium and carbon
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as a second layer, and a diamond-like carbon coating
layer as a third layer are formed on a sliding surface in
contact with the annular piston, in order starting from the
surface of the parent material, and the intermediate coat-
ing layer has a chromium concentration higher than a
carbon concentration on the first layer side and has the
carbon concentration higher than the chromium concen-
tration on the third layer side.
[0009] In the aspect of the invention, it is possible to
prevent a coating layer formed on a sliding surface of a
vane in contact with an annular piston from being peeled
off and to suppress an increase in costs for the vane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a vertical sectional view illustrating an ex-
ample of a rotary compressor according to the in-
vention.
Fig. 2 is a cross-sectional view illustrating a first com-
pressing unit and a second compressing unit of the
example, when seen from above.
Fig. 3 is a partial sectional view illustrating a sliding
portion of a first annular piston, a second annular
piston, a first vane, and a second vane of the exam-
ple.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Hereinafter, an embodiment (example) of the
invention will be described in detail with reference to the
drawings. Example
[0012] Fig. 1 is a vertical sectional view illustrating an
example of a rotary compressor according to the inven-
tion. Fig. 2 is a cross-sectional view illustrating a first
compressing unit and a second compressing unit of the
rotary compressor of the example, when seen from
above.
[0013] As illustrated in Fig. 1, a rotary compressor 1
includes a compressing unit 12 that is disposed on a low-
er part of a compressor housing 10 that is sealed and
has a vertical cylindrical shape, and a motor 11 that is
disposed on an upper part of the compressor housing 10
and drives the compressing unit 12 via a rotation axis 15.
[0014] A stator 111 of the motor 11 is formed in a cy-
lindrical shape and is fixed to an inner circumferential
surface of the compressor housing 10 by shrink-fitting.
A rotor 112 of the motor 11 is disposed in the cylindrical
stator 111 and is fixed to the rotation axis 15 by shrink-
fitting which mechanically connects the motor 11 and the
compressing unit 12.
[0015] The compressing unit 12 includes a first com-
pressing unit 12S and a second compressing unit 12T.
As illustrated in Fig. 2, the first compressing unit 12S
includes an annular first cylinder 121S. The first cylinder
121S includes a first side-flared portion 122S that
projects away from the annular outer circumference. A

first inlet hole 1355 and a first vane groove 128S are
radially provided in the first side-flared portion 122S. In
addition, the second compressing unit 12T is disposed
on the upper side of the first compressing unit 12S. The
second compressing unit 12T includes an annular sec-
ond cylinder 121T. The second cylinder 121T includes a
second side-flared portion 122T that projects away from
the annular outer circumference. A second inlet hole
135T and a second vane groove 128T are radially pro-
vided in the second side-flared portion 122T.
[0016] As illustrated in Fig. 2, a first cylinder inner wall
123S having a circular shape is formed in the first cylinder
121S to be concentric with the rotation axis 15 of the
motor 11. A first annular piston 125S having an outer
diameter smaller than an inner diameter of the first cyl-
inder 121S is disposed in the first cylinder inner wall
123S. A first cylinder chamber 130S that sucks, com-
presses, and discharges a refrigerant is formed between
the first cylinder inner wall 123S and the first annular
piston 125S. A second cylinder inner wall 123T having a
circular shape is formed in the second cylinder 121T to
be concentric with the rotation axis 15 of the motor 11.
A second annular piston 125T having an outer diameter
smaller than an inner diameter of the second cylinder
121T is disposed in the second cylinder inner wall 123T.
A second cylinder chamber 130T that sucks, compress-
es, and discharges a refrigerant is formed between the
second cylinder inner wall 123T and the second annular
piston 125T.
[0017] In the first cylinder 121S, the first vane groove
128S is formed along the entire height of the cylinder in
a radial direction away from the first cylinder inner wall
123S. A flat first vane 127S is slidably fitted in the first
vane groove 128S. In the second cylinder 121T, the sec-
ond vane groove 128T is formed along the entire height
of the cylinder in the radial direction away from the second
cylinder inner wall 123T. A flat second vane 127T is sli-
dably fitted in the second vane groove 128T.
[0018] As illustrated in Fig. 2, a first spring bore 124S
is formed on the outer side of the first vane groove 128S
in the radial direction so as to communicate with the first
vane groove 128S from an outer circumferential portion
of the first side-flared portion 122S. A first vane spring
(not illustrated) that presses a rear surface of the first
vane 127S is inserted into the first spring bore 124S. A
second spring bore 124T is formed on the outer side of
the second vane groove 128T in the radial direction so
as to communicate with the second vane groove 128T
from an outer circumferential portion of the second side-
flared portion 122T. A second vane spring (not illustrated)
that presses a rear surface of the second vane 127T is
inserted into the second spring bore 124T.
[0019] At the time of activating the rotary compressor
1, the first vane 127S protrudes away from the first vane
groove 128S into the first cylinder chamber 130S due to
the repulsive force of the first vane spring. A tip end of
the first vane 127S is in contact with an outer circumfer-
ential surface of the first annular piston 125S, and by the
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first vane 127S, the first cylinder chamber 130S is divided
into a first inlet chamber 131S and a first compression
chamber 133S. Similarly, the second vane 127T pro-
trudes away from the second vane groove 128T into the
second cylinder chamber 130T due to the repulsive force
of the second vane spring. A tip end of the second vane
127T is in contact with an outer circumferential surface
of the second annular piston 125T, and by the second
vane 127T, the second cylinder chamber 130T is divided
into a second inlet chamber 131T and a second com-
pression chamber 133T (the details of the first vane 127S
and the second vane 127T are described below).
[0020] In addition, in the first cylinder 121S, a first pres-
sure guiding-in path 129S is formed which communicates
with the outer side of the first vane groove 128S in the
radial direction and the inside of the compressor housing
10 via an opening portion R (refer to Fig. 1), introduces
the compressed refrigerant in the compressor housing
10, and applies back pressure to the first vane 127S by
the pressure of the refrigerant. The compressed refrig-
erant in the compressor housing 10 is also introduced
through the first spring bore 124S. In addition, in the sec-
ond cylinder 121T, a second pressure guiding-in path
129T is formed which communicates with the outer side
of the second vane groove 128T in the radial direction
and the inside of the compressor housing 10 via the open-
ing portion R (refer to Fig. 1), introduces the compressed
refrigerant in the compressor housing 10, and applies
back pressure to the second vane 127T by the pressure
of the refrigerant. The compressed refrigerant in the com-
pressor housing 10 is also introduced through the second
spring bore 124T.
[0021] The first inlet hole 135S, which causes the first
inlet chamber 131S and an external unit to communicate
with each other, is provided in the first side-flared portion
122S of the first cylinder 121S in order to suck the refrig-
erant from the external unit into the first inlet chamber
131S. The second inlet hole 135T, which causes the sec-
ond inlet chamber 131T and the external unit to commu-
nicate with each other, is provided in the second side-
flared portion 122T of the second cylinder 121T in order
to suck the refrigerant from the external unit into the sec-
ond inlet chamber 131T. The cross sectional shapes of
the first inlet hole 135S and the second inlet hole 135T
are circles.
[0022] As illustrated in Fig. 1, an intermediate partition
plate 140 is disposed between the first cylinder 121S and
the second cylinder 121T and partitions the first cylinder
chamber 130S (refer to Fig. 2) of the first cylinder 121S
from the second cylinder chamber 130T (refer to Fig. 2)
of the second cylinder 121T. In addition, the intermediate
partition plate 140 blocks an upper end portion of the first
cylinder 121S and a lower end portion of the second cyl-
inder 121T.
[0023] A lower end plate 160S is disposed on the lower
end portion of the first cylinder 121S and blocks the first
cylinder chamber 130S of the first cylinder 121S. In ad-
dition, an upper end plate 160T is disposed on the upper

end portion of the second cylinder 121T and blocks the
second cylinder chamber 130T of the second cylinder
121T. The lower end plate 160S blocks the lower end
portion of the first cylinder 121S and the upper end plate
160T blocks the upper end portion of the second cylinder
121T.
[0024] A sub-bearing unit 161S is formed on the lower
end plate 160S, and a sub-axis unit 151 of the rotation
axis 15 is rotatably supported by the sub-bearing unit
161S. A main-bearing unit 161T is formed on the upper
end plate 160T, and a main-axis unit 153 of the rotation
axis 15 is rotatably supported by the main-bearing unit
161T.
[0025] The rotation axis 15 includes a first eccentric
portion 152S and a second eccentric portion 152T which
are eccentric to each other by deviating the phases there-
of by 180°. The first eccentric portion 152S is rotatably
fitted in the first annular piston 125S of the first compress-
ing unit 12S. The second eccentric portion 152T is rotat-
ably fitted in the second annular piston 125T of the sec-
ond compressing unit 12T.
[0026] If the rotation axis 15 is rotated, the first annular
piston 125S revolves along the first cylinder inner wall
123S in the first cylinder 121S in a clockwise direction in
Fig. 2. The first vane 127S is moved in a reciprocating
manner by following the revolution of the piston. Accord-
ing to the movement of the first annular piston 125S and
the first vane 127S, the volumes of the first inlet chamber
131S and the first compression chamber 133S are con-
tinuously changed, and thus the compressing unit 12
continuously sucks, compresses, and discharges the re-
frigerant in sequence. If the rotation axis 15 is rotated,
the second annular piston 125T revolves along the sec-
ond cylinder inner wall 123T in the second cylinder 121T
in the clockwise direction in Fig. 2. The second vane 127T
is moved in a reciprocating manner by following the rev-
olution of the piston. According to the movement of the
second annular piston 125T and the second vane 127T,
the volumes of the second inlet chamber 131T and the
second compression chamber 133T are continuously
changed, and thus the compressing unit 12 continuously
sucks, compresses, and discharges the refrigerant in se-
quence.
[0027] As illustrated in Fig. 1, a cover for lower end
plate 170S is disposed on the lower side of the lower end
plate 160S and a lower muffler chamber 180S is formed
between the cover for lower end plate 170S and the lower
end plate 160S. The first compressing unit 12S is opened
toward the lower muffler chamber 180S. That is, a first
outlet 190S (refer to Fig. 2) that communicates with the
first compression chamber 133S of the first cylinder 121S
and the lower muffler chamber 180S is provided on the
lower end plate 160S in the vicinity of the first vane 127S.
A reed valve type first discharge valve 200S that prevents
backflow of the compressed refrigerant is disposed in the
first outlet 190S.
[0028] The lower muffler chamber 180S is one cham-
ber formed in an annular shape, and is a part of a com-
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munication path which causes the discharging side of
the first compressing unit 12S to communicate with the
inside of an upper muffler chamber 180T through a re-
frigerant path 136 (refer to Fig. 2) that penetrates the
lower end plate 160S, the first cylinder 121S, the inter-
mediate partition plate 140, the second cylinder 121T,
and the upper end plate 160T. The lower muffler chamber
180S reduces the pressure pulsation of the discharged
refrigerant. A first discharge valve cover 201S for restrict-
ing an opening amount of bent of the first discharge valve
200S is fixed together with the first discharge valve 200S
by a rivet so as to overlap the first discharge valve 200S.
The first outlet 190S, the first discharge valve 200S, and
the first discharge valve cover 201S configure a first dis-
charge valve unit of the lower end plate 160S.
[0029] As illustrated in Fig. 1, a cover for upper end
plate 170T is disposed on the upper side of the upper
end plate 160T and the upper muffler chamber 180T is
formed between the cover for upper end plate 170T and
the upper end plate 160T. A second outlet 190T (refer to
Fig. 2), which communicates with the second compres-
sion chamber 133T of the second cylinder 121T and the
upper muffler chamber 180T, is provided on the upper
end plate 160T in the vicinity of the second vane 127T.
A reed valve type second discharge valve 200T, which
prevents backflow of the compressed refrigerant, is dis-
posed in the second outlet 190T. A second discharge
valve cover 201T for restricting an opening amount of
bent of the second discharge valve 200T is fixed together
with the second discharge valve 200T by a rivet so as to
overlap the second discharge valve 200T. The upper
muffler chamber 180T reduces the pressure pulsation of
the discharged refrigerant. The second outlet 190T, the
second discharge valve 200T, and the second discharge
valve cover 201T configure a second discharge valve
unit of the upper end plate 160T.
[0030] The cover for lower end plate 170S, the lower
end plate 160S, the first cylinder 121S, and the interme-
diate partition plate 140 are inserted from the lower side
and are fastened to the second cylinder 121T by using
a plurality of penetrating bolts 175 that are screwed into
female screws provided on the second cylinder 121T.
The cover for upper end plate 170T and the upper end
plate 160T are inserted from the upper side and are fas-
tened to the second cylinder 121T by using a penetrating
bolt (not illustrated) that is screwed into the female screw
provided on the second cylinder 121T. The cover for low-
er end plate 170S, the lower end plate 160S, the first
cylinder 121S, the intermediate partition plate 140, the
second cylinder 121T, the upper end plate 160T, and the
cover for upper end plate 170T, which are integrally fas-
tened by using the plurality of penetrating bolts 175 and
the like, configure the compressing unit 12. In the com-
pressing unit 12, the outer circumferential portion of the
upper end plate 160T is fixed to the compressor housing
10 by spot welding, and thus the compressing unit 12 is
fixed to the compressor housing 10.
[0031] A first through hole 101 and a second through

hole 102 are provided on the outer circumferential wall
of the compressor housing 10 having a cylindrical shape,
in order starting from the lower part by being separated
from each other in an axial direction, in order for a first
inlet pipe 104 and a second inlet pipe 105 to respectively
pass therethrough. In addition, in the outer side portion
of the compressor housing 10, an independent accumu-
lator 25 formed of a cylindrical sealed container is held
by an accumulator holder 252 and an accumulator band
253.
[0032] A system connecting pipe 255 that is connected
to an evaporator of a refrigerant circuit is connected to
the center of a top of the accumulator 25. A first low-
pressure communication tube 31S, which has one end
extending up to the upper portion inside the accumulator
25 and the other end connected to the other end of the
first inlet pipe 104, and a second low-pressure commu-
nication tube 31T, which has one end extending up to
the upper portion inside the accumulator 25 and the other
end connected to the other end of the second inlet pipe
105, are fixed to bottom through holes 257 provided on
a bottom of the accumulator 25.
[0033] The first low-pressure communication tube 31S
that guides a low pressure refrigerant of the refrigerant
circuit to the first compressing unit 12S through the ac-
cumulator 25 is connected to the first inlet hole 135S
(refer to Fig. 2) of the first cylinder 121S through the first
inlet pipe 104 as an intake unit. In addition, the second
low-pressure communication tube 31T that guides the
low pressure refrigerant of the refrigerant circuit to the
second compressing unit 12T through the accumulator
25 is connected to the second inlet hole 135T (refer to
Fig. 2) of the second cylinder 121T through the second
inlet pipe 105 as the intake unit. That is, the first inlet hole
135S and the second inlet hole 135T are connected to
the evaporator of the refrigerant circuit in parallel.
[0034] A discharge pipe 107 as a discharging unit that
is connected to the refrigerant circuit and discharges the
high pressure refrigerant to a condenser side of the re-
frigerant circuit is connected to the top of the compressor
housing 10. That is, the first outlet 190S and the second
outlet 190T are connected to the condenser of the refrig-
erant circuit.
[0035] In the compressor housing 10, the lubricant oil
is enclosed approximately up to the height of the second
cylinder 121T. In addition, the lubricant oil is sucked
through a lubricating pipe 16, which is attached to the
lower end portion of the rotation axis 15, by a pump im-
peller (not illustrated) inserted into a lower portion of the
rotation axis 15, and circulates in the compressing unit
12, thereby performing lubrication between sliding com-
ponents (the first annular piston 125S and the second
annular piston 125T) and performing sealing of a minute
gap of the compressing unit 12.
[0036] Next, the characteristic configuration of the ro-
tary compressor 1 of the example will be described with
reference to Fig. 3. Fig. 3 is a partial sectional view illus-
trating a sliding portion of first and second annular pis-
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tons, and first and second vanes of the example. As il-
lustrated in Fig. 3, parent materials of the first vane 127S
and the second vane 127T of the example are steel ma-
terials such as high-speed tool steel (SKH51: as the con-
stituent element, chromium is contained) or high-carbon
chromium bearing steel (SUJ2). As the first layer, single
coating layers 127SD1 and 127TD1 of chromium, which
is a constituent element of the parent material, are formed
on sliding surfaces 127SS and 127TS with respect to the
first annular piston 125S and the second annular piston
125T (the sliding surfaces 127SS and 127TS are surfac-
es where the first vane 127S and the second vane 127T
are in contact with the first annular piston 125S and the
second annular piston 125T, and where the first annular
piston 125S and the second annular piston 125T slide
with respect to the first vane 127S and the second vane
127T in accordance with the rotation thereof). The thick-
ness of the single coating layers 127SD1 and 127TD1
of chromium as the first layer is 0.05 mm to 0.30 mm.
[0037] Since chromium is contained in the parent ma-
terial, the single coating layers 127SD1 and 127TD1 of
chromium as the first layer can be easily formed as thin
films having a thickness of 0.05 mm to 0.30 mm. In addi-
tion, since the hardness of the parent material is suffi-
ciently high, it is possible to obtain a thin film structure
having low internal residual stress.
[0038] Next, as the second layer, intermediate coating
layers 127SD2 and 127TD2 having a concentration gra-
dient of chromium and carbon are formed on the outer
side of the single coating layers 127SD1 and 127TD1 of
chromium as the first layer. As the third layer, diamond-
like carbon coating layers 127SD3 and 127TD3 are
formed on the outer side of the intermediate coating lay-
ers 127SD2 and 127TD2 as the second layer.
[0039] In the intermediate coating layers 127SD2 and
127TD2 as the second layer, the content rate (concen-
tration) of chromium is higher on the first layer side than
on the third layer side, and the content rate (concentra-
tion) of carbon is higher on the third layer side than on
the first layer side. The thickness of the intermediate coat-
ing layers 127SD2 and 127TD2 as the second layer is
0.30 mm to 1.20 mm, and the thickness of the diamond-
like carbon coating layers 127SD3 and 127TD3 as the
third layer is 1.00 mm to 3.00 mm. Since the diamond-like
carbon coating layers 127SD3 and 127TD3 as the third
layer have surface roughness (arithmetic mean surface
roughness) of about Ra 0.8, the thickness thereof is set
to be thicker than the range of 1.00 mm to 3.00 mm (if the
thickness is thinner than the range, a hole may be formed
on the coating layer). Each coating layer of the first to
third layers described above is formed by an ionic vapor
deposition method which is a plasma process in high
vacuum.
[0040] In the intermediate coating layers 127SD2 and
127TD2 as the second layer, if the content rate of chro-
mium of the bonding surface with respect to the single
coating layers 127SD1 and 127TD1 of chromium as the
first layer is set to 100% by weight, and the content rate

of chromium of the bonding surface with respect to the
diamond-like carbon coating layers 127SD3 and 127TD3
as the third layer is set to 0% by weight, it is possible to
obtain the maximum bonding force between layers of the
first to third layers.
[0041] The single coating layers 127SD1 and 127TD1
of chromium as the first layer improve bonding properties
between the parent material of the first vane 127S and
the second vane 127T, and the intermediate coating lay-
ers 127SD2 and 127TD2 as the second layer. The inter-
mediate coating layers 127SD2 and 127TD2 as the sec-
ond layer are bonding layers with the diamond-like car-
bon coating layers 127SD3 and 127TD3 as the third lay-
er. In addition, the first vane 127S and the second vane
127T move in a reciprocating manner so as to apply im-
pact to the first annular piston 125S and the second an-
nular piston 125T through the hard diamond-like carbon
coating layers 127SD3 and 127TD3, but the intermediate
coating layers 127SD2 and 127TD2 as the second layer
become buffer layers for buffering the impact.
[0042] By adopting the layer structure of the first to
third layers described above, it is possible to improve
peeling strength of the diamond-like carbon coating lay-
ers 127SD3 and 127TD3 as the third layer without caus-
ing the intermediate coating layers 127SD2 and 127TD2
as the second layer to be complicated and thickened.
Therefore, it is possible to obtain the layer structure hav-
ing low internal residual stress (if the single coating layers
127SD1 and 127TD1 of chromium and the intermediate
coating layers 127SD2 and 127TD2 are too thin, the
bonding properties between layers become worse, and
further, if the layers are too thick, the internal residual
stress between layers is increased and thus the peeling
and breaking strength is lowered). In addition, since tung-
sten is not contained, it is possible to further improve the
peeling strength. As a result, it is possible to obtain the
first vane 127S and the second vane 127T which have
excellent abrasion resistance properties, and can be sta-
bly used for a long period of time and in which an increase
in costs is suppressed.
[0043] In the rotary compressor 1 of the example, the
first annular piston 125S and the second annular piston
125T are formed of flaky graphite cast iron containing
molybdenum, nickel, and chromium, and the first cylinder
121S and the second cylinder 121T are formed of cast
iron. The invention can be applied to a single cylinder
type rotary compressor and a two-stage compression
type rotary compressor.
[0044] Hereinbefore, the example has been described,
but the example is not limited by the contents described
above. In addition, the components described above in-
clude those that can be easily conceived by those skilled
in the art, those that are substantially identical thereto,
and those in a scope of so-called equivalents. In addition,
the components described above can be appropriately
combined. Furthermore, at least one of various omission,
replacement, and modification of the components can be
performed without departing from the gist of the example.
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Claims

1. A rotary compressor (1) comprising:

a sealed vertical compressor housing (10) in
which a refrigerant discharging unit is provided
at an upper part and a refrigerant intake unit is
provided at a lower part side surface;
a compressing unit (12) which is disposed on
the lower part of the compressor housing, in-
cludes an annular cylinder, an end plate having
a bearing unit and a discharge valve unit and
blocking end portions of the cylinder, an annular
piston that engages with an eccentric portion of
a rotation axis supported by the bearing unit,
revolves along a cylinder inner wall of the cylin-
der in the cylinder, and forms a cylinder chamber
between the cylinder inner wall and the annular
piston, and a vane that protrudes away from a
vane groove provided in the cylinder into the cyl-
inder chamber and is in contact with the annular
piston so as to divide the cylinder chamber into
an inlet chamber and a compression chamber,
sucks a refrigerant through the intake unit, and
discharges the refrigerant from the discharging
unit through the compressor housing; and
a motor (11) that is disposed on the upper part
of the compressor housing, and drives the com-
pressing unit via the rotation axis, wherein
a parent material of the vane is a steel material
containing chromium,
a single coating layer of chromium as a first lay-
er, an intermediate coating layer having a con-
centration gradient of chromium and carbon as
a second layer, and a diamond-like carbon coat-
ing layer as a third layer are formed on a sliding
surface in contact with the annular piston, in or-
der starting from the surface of the parent ma-
terial, and
the intermediate coating layer has a chromium
concentration higher than a carbon concentra-
tion on the first layer side and has the carbon
concentration higher than the chromium con-
centration on the third layer side.

2. The rotary compressor (1) according to claim 1,
wherein the intermediate coating layer has the con-
centration gradient in which a content rate of chro-
mium of a bonding surface with respect to the single
coating layer of chromium as the first layer is 100%
by weight, and the content rate of chromium of a
bonding surface with respect to the diamond-like car-
bon coating layer as the third layer is 0% by weight.
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